Objectives: To study total mortality in different categories of BMI values, with adjustments for important covariates in a population-based 26-year mortality follow-up. Special interest will be given to gender differences and low BMI values. Methods: From a stratified sample in 1969 of 32 185 individuals aged 18-64 years from Stockholm County, 2422 underwent a health examination, with complete data obtained for 1020 subjects. BMI was classified as underweight (o20), normal (20-24.9), overweight (25-29.9) or obesity (X30). Participants were followed up in the National Cause of Death Register until the end of 1996. Multivariate analysis was performed by Cox regression for men and women separately, with different models, with step-wise adjustment for age, care need category, heart rate, hypertension, blood glucose, alcohol intake and smoking, with hazard ratios (HR) and 95% confidence interval (CI) and with normal weight as reference. Results: Among men, the age-adjusted HR was 1.68 (95% CI 1.10-2.57) for underweight and 1.62 (95% CI 1.08-2.43) for obesity, and among women it was 0.93 (95% CI 0.58-1.51) for underweight and 1.88 (95% CI 1.26-2.82) for obesity. In men, the significantly increased mortality remained when also adjusting for care need category, but not when adjusting for other factors, whereas the opposite was found regarding obesity. For women, underweight was significantly associated with decreased mortality when adjusting for smoking and for all factors together, whereas obesity was associated with increased mortality when adjusting for the different factors except for all factors together. Conclusions: Underweight was associated with higher mortality among men, but not when adjusting for covariates, whereas underweight was associated with lower mortality among women when adjusting for smoking.
Introduction
The relation between body mass index (BMI) and long-term mortality follows a U-or J-shaped curve, 1 although this finding is not consistent in all studies. 2 In a recent, large
European study the lowest overall mortality was seen at BMI 25.3 among men and 24.3 among women, 1 and in earlier US studies the nadir was found to be somewhat higher, that is, BMI 27 in men and women when analyzing data from the US NHANES I and II. 3, 4 A study from Korea showed the lowest mortality in the BMI range 23-24.9, 5 which is actually classified as overweight according to WHO suggestions as regarding subjects in East and Southeast Asia. 6 In an earlier Swedish study no excess mortality was found in subjects with overweight. 7 Thus, in general the lowest overall mortality seems to be found in the BMI interval between 20 and 30, that is, classified as normal or overweight. Underweight, as well as obesity, is associated with a higher mortality. In the recent European study, underweight (BMI o18.5) was especially associated with higher mortality among current smokers, and with highest risk in respiratory diseases, but also in 'other diseases', that is, non-cancer, noncirculatory and non-respiratory. 1 In a US study using data from NHANES I-III, underweight was associated with increased mortality from non-cancer, non-CVD causes, overweight was associated with increased mortality from diabetes and kidney disease combined, but with decreased mortality from other non-cancer, non-CVD causes and obesity was associated with increased mortality, especially from CVD but also from some cancers and diabetes and kidney disease combined. 8 Besides, an increased risk of mortality in circulatory diseases was seen in men but not in women. In that study, obesity was associated with increased mortality in circulatory diseases and to some extent also in 'other diseases', whereas an increased risk in cancer was seen only among women in BMI X35. In a meta-analysis the possibility that the excess risk with lower BMI was due to confounding of a pre-existing occult disease was ruled out. 9 Baumgartner et al. 10 hypothesized that all-cause mortality is increased at high levels of body fat mass and at low levels of fat-free mass, thus creating the U-shaped association between BMI and mortality. US studies using NHANES data found that a low fat-free mass indicator was associated with increased mortality in both men 3 and women. 4 However, a gender difference was found regarding fat mass, that is, the fat mass indicator was associated with increased mortality in men 3 but the opposite was found in women. 4 In contrast, a
Danish study found similar effects regarding body fat mass and fat-free mass, respectively, in men and women. 11 In that study, differences were found between men and women, that is, in men the mortality risk of a high body fat mass index became evident at lower levels, and the mortality risk of low fat-free mass at higher levels.
In an earlier study, we found a J-shaped curve for the relationship between all-term mortality and fasting glucose level, 12 and a review article on the association between low fasting glucose level and long-term mortality confirmed this. 13 These findings could support the hypothesis that the increased mortality associated with a low BMI or low fasting glucose is actually due to the low FFM. The aim of this study was to investigate the effect on total mortality in different categories of BMI values, with adjustments for important covariates in a population-based 26-year mortality follow-up. Special interest will be given to gender differences and low BMI values.
Methods
The baseline examination was performed during the period [1969] [1970] . From the total population aged 18-64 years in Stockholm County, a total of 445 000 inhabitants, a stratified sample of 32 185 individuals was drawn. The population was stratified into three age groups, 18-24, 25-44 and 45-64 years. A random sample was drawn from each of the strata, in a ratio of 3:2:1, as the primary purpose was an investigation of the need for care. The individuals in the sample received a postal questionnaire including 30 questions concerning physical and social difficulties in daily life, and health care needs. The total response rate was 87%. The subjects were classified into four different groups according to their estimated health care needs. This selection was done based on the questionnaire and on data obtained from registers containing information regarding hospitalization and sick leave. Thereafter, a further randomization procedure was performed in which a higher proportion of individuals with high needs were selected, as they were expected to be rather few, especially in the younger age groups. In this way a group of 3064 individuals was obtained. These subjects were invited to the health-screening program on average 1 year after the questionnaire survey, with an attendance rate of 84% (n ¼ 2578). In addition, 2422 individuals, 1192 men and 1230 women, underwent an extensive health examination, including measurements of weight and height. Data were missing regarding some variables, and information on smoking and alcohol habits was available for around half of the participants. For the final analysis 1020 subjects were included, 503 men and 517 women.
BMI values
BMI was calculated from weight and height measurements and expressed in kg/m 2 . Overweight was defined as a BMI of 25-30, and obesity as above 30, according to WHO guidelines. Underweight was defined as a BMI value o20.
Covariates Age-adjustment was performed by 5-year groups.
The care need group was defined as no, low or high need group, or need not know, based on data on hospitalization, sick leave and questionnaire answers estimating levels of expected care need.
Hypertension was defined as systolic blood pressure above 140 mm Hg and/or diastolic blood pressure above 90 mm Hg, or known diagnosis and treatment for hypertension.
Fasting blood glucose values were classified into three groups, subjects with low FBG values, that is, below ), or already known and pharmacologically treated diabetes mellitus. 12 High heart rate was defined as 475 b.p.m. among men, and 480 b.p.m. among women. 15 Smoking habits were classified as non-smokers and smokers, but this information was available for only 47.8% (n ¼ 1100).
Alcohol habits were classified as non-drinkers (group 0), ex-drinkers (group 1), low consumers (group 2; alcohol intake p50 g per week), moderate consumers (group 3; 51-140 g per week) or high consumers (group 4; 4140 g per week). 16 Blood lipid values were not available.
Follow-up
All participants were followed up in the National Cause of Death Register until the end of 1996. This register contains records of all deaths among the people of Sweden and is more than 99% complete, with the exception of certain emigrants.
Statistical analysis
Multivariate analysis was performed utilizing a Cox regression, 17 with models presented for men and women
The association between BMI value and long-term mortality PE Wändell et al separately. Covariate factors were not available for all subjects, and smoking habits were only available for approximately 45%. The basic model was age-adjusted, and the following models included separate adjustment for care need group, heart rate, hypertension, blood glucose, intake of alcohol and smoking, respectively, with a final model including all those factors. The results are shown as hazard ratios (HR) for the exposure variable, with 95% confidence intervals (CI). In the statistical analyses the individuals were categorized into 5-year age intervals, which also takes the sampling proportions in the strata into consideration, although they are not in exact agreement with the sampling strata. 18 As reference level regarding BMI values the interval classified as normal was chosen, that is, a BMI range of 20-24.9. The analyses were performed by the PHREG procedure in the SAS data package (SAS Institute Inc., Cary, NC, USA).
Ethics
The study was approved by the Research Ethics Committee at Karolinska Institutet.
Results
The overall mortality after 26 years of follow-up was 23 Tables 2 and 3. In men (Table 2) , when adjusting for care need group, a BMI value o20 was significantly associated with increased mortality, but a BMI value 430 was not, whereas in all other models the opposite was found, with HRs between 1.74 and 3.53. In women (Table 3) , a BMI value 430 was associated with increased mortality, with HRs between 1.65 and 2.22, except in the full model, whereas a BMI value o20 was also associated with a lower risk, when adjusting for smoking, in the full model.
Discussion
Our main finding was a U-curved risk of long-term mortality in relation to BMI values among men in the age-adjusted model, but when adjusting for confounding factors this was no longer significant. No such finding was found among women. Further, no excess risk was associated with overweight: on the contrary, the lowest HR was found in this BMI range.
There are some limitations in this study, and the results should therefore be interpreted with some caution. Some important risk factors, especially for cardiovascular disease and death, were not available for all subjects, for example, smoking and alcohol habits were available for around half of the sample and blood lipid values were not measured. When analyzing results for men where data on smoking and alcohol intake were available, the excess risk with obesity was considerably higher, whereas the excess risk with underweight was lower. For women, the risk associated with underweight was lower, and significantly so when adjusting for all covariates. Thus, in analyses of sub samples, in which data were available on smoking, in particular, but also on alcohol habits, a bias was introduced in both men and women. Further, the risk factors were assessed only at baseline, and there were no data regarding change over time, although this is a common procedure in this type of study. We used the BMI level of o20 to define underweight, Table 1 Hazard ratios (HR 95% CI) by Cox regression for total mortality risk among men and women with different levels of BMI, n ¼ 2422 Percentages for N denote the rates of all men or women, respectively and of number of deaths denote the rates in the particular groups.
The association between BMI value and long-term mortality PE Wändell et al Different predictive factors were used in the models. Reference groups were those with no care needs for care need level; normotensive subjects for hypertension; those with FBG 3.0-6.9 mmol l À1 for FBG level; those with low heart rate (p75 b.p.m.) for heart rate; non-smokers for smoking habits and moderate intake for alcohol. Age-adjustment was performed by 5-year groups. Different predictive factors were used in the models. Reference groups were those with no care needs for care need level; normotensive subjects for hypertension; those with FBG 3.0-6.9 mmol l À1 for FBG level; those with low heart rate (p80 b.p.m.) for heart rate; non-smokers for smoking habits and moderate intake for alcohol. Age-adjustment was performed by 5-year groups.
The association between BMI value and long-term mortality PE Wändell et al rather than o18.5 as suggested by WHO. However, the HR figures were almost identical whether the cutoff was 20 or 18.5 was chosen, but the statistical power was too low to yield statistical significance when using the lower cutoff. The strengths of the study are the high attendance rate, the long follow-up time of 26 years and high quality of the data from the National Cause of Death Register. This study was initiated in 1970, and there have been many changes in society since then, with decreasing trends regarding cardiovascular diseases, especially coronary heart disease, and increasing rates of overweight and obesity. An American study showed a decreased trend in all BMI groups in three of the four main risk factors for CVD, that is, hypercholesterolemia, hypertension and smoking, but not in diabetes. 19 A British study suggested that the decline in cardiovascular diseases was mainly attributable to a reduction in smoking rates. 20 Regarding overweight when also including obesity, a Swedish study found a prevalence in 2002 of 58% among men and 38% among women, and when considering only obesity the rates were 15% among men and 11% among women, 21 that is, much higher than in our study. Regarding BMI values o20 the prevalence was 1% among men and 10% among women, that is, much lower than in our study. Smoking rates in our sample were 58% among men and 45% among women. In 2007, the smoking rate was 12% among Swedish men and 16% among Swedish women. However, when including daily use of all kinds of tobacco the rate was 29% among men and 19% among women (data from Swedish National Institute of Public Health). As mentioned above, different results have been reported in different studies, with the U-curve found in many, but not all investigations. 2 We found different results for men and for women regarding underweight, with a significantly increased risk in men when adjusting for age and care need category, but not in women. Men show a higher mortality rate in all ages in Sweden, and may thus be more susceptible to the effect of underweight. Care need categorization seems to reflect co-morbidity, and statistical adjustment for this factor did decrease the effect of underweight. In the study by Pischon et al. 1 measures of waist circumference and waist-to-hip ratio were also available. The authors hypothesized that the increased risk of mortality in the low BMI group could be the result of low muscle mass, as even at a low BMI, waist circumference was positively related to death. In the earlier mentioned study and the review of association between low fasting blood glucose and mortality we hypothesized that this could be explained by low fat-free mass. 12, 13 The BMI value in itself seems to be too insensitive to reflect this, and studies focusing on fat-free mass and mortality are warranted. The influence of the covariates is also of interest. The group with the highest care need also showed the highest mortality risk, which is natural and is merely evidence for the accuracy of this categorization.
Regarding hypertension and type 2 diabetes, the risk of these conditions increases with rising BMI. 22, 23 Thus, one would expect the risk of BMI to decrease when introducing these two factors in the statistical model, in fact no large effect could be seen. However, the prevalence of known diabetes in the sample was 0.7%, 12 which is why the rate of type 1 diabetes could be expected to be high. Regarding smoking, when adjustments were made, the mortality decreased, and became significantly lower among women. Among men, the lowest risk when adjusting for factors one by one was seen for smoking, whereas the other factors, except care need category, seemed to affect the risk in a similar manner. However, the results must be interpreted with caution, as biases could have been introduced owing to the lower availability rates of some factors, especially alcohol and smoking habits.
In conclusion, different patterns regarding BMI were found among men and women, with a U-shaped curve for all-cause mortality regarding BMI levels in men, however only when adjusting for age and care need category, with the highest mortality among subjects with underweight and obesity. For women, an excess risk was found only regarding obesity, whereas the risk for underweight was on the same level as in subjects with normal weight and overweight, although significantly lower when also adjusting for smoking. However, more studies are needed to analyze the association between underweight and mortality.
